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DISTRIBU!KCONOVER A SHARP-NOSE BODY

REVOLUTIONAT TRAN90NIC~X!WE

BY TEE NACAWING-FILMMETHOD

By EdwardC. B. Denforthand J. Ford Johnston

The pressuredistmibutianover a sharp-nosebody of revolution
havinga oiroular-aroprofileand finenessratio 6 has been obtained
at transonicspeedsby the NAOA wing-flm mthod.

It W8S fOUnd th8tthe tZWnSitiOnfrm the tikoreticxd.Slih30ti0to
the theoreticaleupersonlc typesof pressuredis~ibution occurred
rapidlybut smoothlyIn theW&ch numberrangefrcm 0.92 to 1.00. The
correspondinggrowthand rearward ahlftof the negative-pressureregion
oaueeda rapidrise in W preshnw-dragccmffiolentfmm O at a Maoh
numberof 0.94 to 0.21at a Mach numberof 1.00,and a slowerrise
thereafter.This pressuredragwas not associatedwith separation.

IM!ROIWCTION

The over-en.aerodynamicokterlstios of fuselage-likebodies
are currentlybeing studiedat traneonicspeedsby the free-fallIwthod
(references1 and 2) and roolmtmthod (refemnoe 3). It is desirable
to eupplemnt theseinvestigationsby the masurmmnt of W pressure
distributionin orderto obtaina more detailedunclmstandlngof the
flow characteristics.

EzPlor8torypressuredistzibutlons,presentedherein,have been
obtainedat tmaneoniospeedsovera body of revolutionby the NACA
wing-flow Bthod ● The purposeof the investigationwas lxofold: to
carparethe experimentaldistributionswith the theoreticalsubsonic
ti supersonicdistributloIMj 8nd to study the mannerIn which the
distributionchan&d throughths transonlcr-, with particular
referenoeto the oaueesof tbs rapid inoreaseh drag.
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APPARAlw

Tuo bcxliesof revolutionhaving

AND METHOD

a ~ dlamtar .of1 inoh,
flnemss ratio 6 to 1, and oiroular-aroprofilewere oonstruotedfor
the investigation.The firstbodywas mounted ona ~-lnoh-diamter
stingwhloh joinedthe body at 86 peroentof t- bc@y length. TIM
uppr and lowermridian Unes oemied SIX orlfioeseaoh s oed along

rthe lengthof the bodyt The seoondbody was mountedon a -Inoh-diamter
sting.whioh Jo-d the b~ at 94 peroent of. ~ length. he Orifioes
cm thisbodywere oomentratedIn the ~, fom orlfioeson tlm upper
nm?ldlan and two on the lower mridlan. Photographsof thebodiesm
shownIn figmes 1 and 2 and sketohesshowingdlmnsions M orifioe
looationsam shownas figure 3. The body-stingOolm.nationeWem
mounted6~ inohss abovethe airplanewing,as shownIn figme 4 and
were alimd laterallyWIth”lb 100alflow dlreotion.

The e~rimntal teohnique,whlohfollowed the geneml mthod of
referenoe4, was to dive the airpb frm an s&tituds of 28,000 feet
M a Maoh nmiberof O.% to 15,000feet and a Maoh znmiberof 0.72.
The correspondingvariationat Maoh mmibr a% tbe modelpositim was
from 0.65 b 1.o8 and the Reynolds wiberbasedon tlMbody len@h
of 6 inohes variedfrom 0.80 x 10c to 1.60X 106. king the dive,
standardNACA Instrumentscontinuouslyreoordedand synchronizedalJ
Ddel pressures,airplane Impactand statlopressures,free air
temperature,and normalaooelemtion.

.

“+

—

!Fbsohordwlsevariationof wing surfaoeMaoh mmiber ~ along the
bat seotiom,de~mlmed frm flightswithoute mdel, is shownin –

.

figure5 ● Tlm Maoh nuntber M at the heightof We mdel was oalculatml
frcm the pmdetemfned nomml gradient,the valueof whlohavera~d
about -O.00ms per inohaway from tlM surfaoe. The Maoh numbers

r

quotedin the reminder of the reportare the ave~ valuesover the
length of the body. The dynamiopressureand referenoestatiopressure
used in the calculationof the pressuremef fIolent Ap/q oormspond

—

to thisaverageMaoh number.
—

RESUITSAND DISC!OSSION

Variatl.onof pressurecoeffZoientwithMaoh number.-The vsAation
of pressureooefflcientAp/q withMmh nmbey M is shown for eaoh
orificeposition x/1

i
see fig. 3) figms6wnd 7for the body

3

—.

With the largesting

(i )
(
~-lnohdiameter andtith thesme+llstlng ●

-Inohdlamter , respectively.The ourvatureof t&e flow over the
&k@am wing W6- such-aa to put the nose of W bodies_atabout
1° anglsof attmk. Hamlnation of parts (a), (b),and (c)of figure6

.........- - Y—6 .—

.— ..—,
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till show the effectof thisanglsof attaokin
the umer mridian are more ne-tim m W=

3

that the pressureson
on the lowermridian.

Theo&%al odoulatlonsbased-onreferenoe5 and -pendent of Maoh
numberto the firstorderInd30atepressuredlfferenoesdue to 1° angle
of attackof about t&e ssm ma

r
tudeas thosemasumd. The mre

rearward0rffbf3S, parts (d), e), ti (f)of figure6, show~ ti
anghwo~ attaokeffects. Evidentlythe rear of the bodywas very
neemlySJ_lmdwith the flow● The angle-of-atWok effeoton the mmsmed
~SStU’C3S Shti dSO bS _ for tk body With * -u s~w,
shoe the orificeswere all tmnud the rear of thsbody.

m fi~ 6 mm is also plotted fm eaoh crlfioewsithn * ,
variationof @/q wtth M whlohwas obtaizmlby apply the

?three-dimnsional.Prandtl-Glauertoomectlons (references and7)to
tillstheomtioal inoompressimepressuresmlculated frcm thin-body
theoryfor tb body-sting?otilnatlon.The ocmlpressillilitymrrmtlons
of referenoes6 and ‘Tare stxio~ ap@loable miQ near the mxlmm
diapsterof an ellipsoidof revolution. Comparisonsam made,however,
for all orificepositionsto examlm tlM generala@ioabili& of the
Oorrmtians. It ts seen in figure6 that the theoretical variation
of @/q with M is In fair agreemmt with the e~rlmntal Wtion

not only at maximum thidnzess (fig. 6(@) but at points both forwud
of ti behindmaximumthlclmess,exoeptve~ near the nose of the ~
(fig. 6(a) ) . The theomttoal variationtendedto overestlmtethe o-s
of @/q with M for positiveprSSSUZ’SS and *=st** * O_s .

for m~tive presmmes. .

on w forwemtpart & w IMW (figs.6(a), 6(b), ~ 15(0)),*
expe@mmtal variationof pressurewith W mmiber is SLIMSYS mall

and continuous. ~em ti~ength and in the r+r, how-r, (figs.6(d),
6(e),and 6(f)and fig. 7) the changesin pressuream -ge and
abruptbetween M = 0.92 and M = 1.05. TheselargeabruptO-S
are associated with the rapid m and the rearwardshtftOf me
Pak negativepressuresIn thisMaoh nmber ~. Althoughth?Jchanges
in the Indltidual PXWSSW?SS m abrupt,it m ~ - that *
pressuredistributionas a wholEJchangesshapesmoothly ●

msswe distributionsalongthe bow =58 ● - ‘lb Ustributlon of
pres~ alongtW body axis is shownfor sm%ral l&ch nmlxms in figure8
for the body with the lar~ sting. The experimental points show the

avera~ pressure between the upperand lowermmidlans, and thus represent

olosely the oonditionof zero angleof attaok. Theseaverageddlstilbutions
ars mnqared with the theomtioal Inocunpressibleand theoretloal
mmpressiblsdistributions.

At M = 0.70 (flg. 8(a))the e~rimmtal pointsagreed.osely
with the incompressibledistribution. It wouldappearthat W effeet
of compresslbllltyon the~ is slightat Mach numbersof 0.70
and below.
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At Maoh nmbers of O.~, 0.90,and 0.%! (figs.8(b), 8(0), and 8(Lt))
.

the pressuresem definitelyInoreasedIn absolutemagnitudeover the
Inooqressibla VSh3S. The theoretical impressibledistributions s
at theseMaoh nmibersare In reasonableagreemnt with the experimental —

distributionsexoeptneax the nose. —

The dletributionfor M = O.g2 (fig.8(a))showsthat slightly
supersonicspeds exe here attainedover the thidmr partsof the *. ,
The attalnmnt of soniospeedsseemsto be a pointof timroation as
far as the general shape of the pressuredistributionsis oonoermd.

—

Below M = 0.92 the e~erimentaldistributionsare qmwtrioal, exoept
for the asynmtry Induoedby the presenoeof W sting,-andthe growth
of W pressureswith !&oh nmber Is relativelyslow. Eetween M = C).92

—

end M = 1.00, however, (figs.8(d)to 8(g))the peak negativepressures
growraptdlyard @ neg9tivepressureregionshiftsmpidly reamezd.

As the Maoh nwubembeooms supersonh (figs. 8(h), 8(i), and 8( J_))
the resxward movemnt of the peakm~tlve pressureEJbeocma less ‘
Pronounoed,the weds pressurestkmselves ted. to deore~seIn magnilnde,
and the pressuredistributionapproaoheaths type foti theomrtloald.yIn
referenoe8.

Theoreticaldistributionsoaloulatmlfrom referenoe8 are oonrpsred
in fIgure8(~)with the experimentald.istrlbutlonfor M = 1.@. The
experlmmtaland tlmxretloaldistributionsfor M = 1.05 are in falr
~emmt althoughthe assumptionsof W linearizedtheorysxe
gmMmlly not believedvalidfcm Maoh nmbem so near uni~. Thmmtioal
distrfbutionafor Maoh numbersof 1.15 and 1.4 are also presentedti
indioatethe ohaIws in distributionto be expeotedabove M = 1.05.
Theseohangesem in linewltihthoseobservedbetween M = 1.00and
M = 1.05. It Is interestingthat the rapid pressure reoovery over the

rem of the boclythat is preddotedtheoretical.lyis evidenoedin the
experimentaldatawithoutmy sensible flow separationat leastto
~
z = 0.83 in spiteof the severeadverse pressuregradtentsencountered.

and the smallSoaleof * tssts.

—
.-

.*

—

9

—

. . . ___

In orderto studyfurtlwrtlM problemsof flow aepsmtion,n seoond
bodywas oonstruotedwith a smaldm sting and with pressure orifioes
oonoentratedover the resr part. The lengthwisepressuredistributions , ---
for this:ody are shownin figure9. At eaohMaoh num~-rthefalring
between~=O @~=O.50 was -&km frcm figure8 Inasmuchas .—
mithsr stingoan haveappreolableeffeoton the bdy presmuws ahead , -

~of ~ = 0.509

.
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.

The distributionof pressuresbehind ~ = 0.83 (figs.9(a)

to 9(g)) showsa sll@t tendencytowardse~tion. This rendition
becoms aggravated as the Mach nunilm?increasesfrcm 0.70 to 0.98.
At a Mach numberof 1.00and above (figs.9(h),9(1),and 9(J))the
pressureremyery ta@s placecontinuous~ to the lastpointof
measurement

@=+, and goodagremmt Is obtainedbetweenW

theoretical- e~rhmtal rear pressure recoveriesat M = 1.0s.
It appearslikelythatfor a completeb

?

(no sting)no mrportant
flow separationwould occurforwaxdof = 0.91. Any separation

oCmrring behind f = O .91 would, since W moss seotlon is small,

have only a maU. effeot on the drag.

Pressuredrag.- ~le mrves of Ap/q- against (r/k)2 (s- fi8. 3)
forthebody with thelargestlng are shownfor M= 0.70 and M=l.05
in figure10● The area enclosedby sucha mrve is, with properregex’d
to sign,equal to the drag coefficient ~ of the body-sting cotilnation,

based on frontalarea. At M = 0.70 (fig.10(a))the net drag of the
combinationIs very nemly zero as would be expectedfrom oonslderatlons
of subsonicpotentialflow. At M = 1.05 (fig.10(b)),however,
a net dragforceexists.

The variationof pressure-dragcoefficientwithMach numberfor
the two body-stingmibinatlons showsa strikingresetilan.ce(fig.U)
ta the variationof total-dragmeffiolent (reference1) for a freely
fallingbody of the Sam fInenessratio. The pressure-&ag meff ioient
increasessharplyfram zero at M = 0.9 to almut 0.21 at M = 1.00
and increasesless sharplyabove M = 1.00 reachinga valm of about0.25
at M = 1.05. The sharpincreaseIn ~ between M = 0.94 and M = 1.00
is not associatedwith aqy importantfluw separation,but is due primari&
tn the rapid_ and m~ shiftof the negativepressureregion
as sonicspeedis appromhed. It has alreadybeen shownthat above
M = 1.00 the rearwardmovementof the negativepressurepeak is less
rapidand thatthe wak pressuresthemselvestend to dsmease in mgnilad.e.
This conibinedeffeotresultsin a less rapidi~reaSe of ~ above
M = 1.00.

Effectsof Interferenceand horizontal~ Went. - memaretwo
factorsthatmew have at’feotedthe measuredpressuredlstiibutionsof
the bodies;the-interferenceeffectbetween‘W body and U aix@ane
wing surface,sad the effeotof mgative pressuregradientalongthe
tist sectionat Mach numbersgreaterthanalmut 1.0.

Caloulattonsmde from the saibsonlctheoryindicatea negligible
interferenceeffeotto be expmted at the lowerWmh nuuibersInvesti@ted
(M = 0.70 and 0.80). At a given x/2 (flg. 6) tie differencein
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.

pressurebetweenthe upperand lowermridians doesnot varyapprmiabl.y
withMaoh nuniber.This indicatesthat the effeotof I.E%erferenoeat
the higherMaoh numberswas of the s- order as that at the lower b

Mach numbers, and should, therefore,he small.

me fang pIWSmS eihmg the test sedion at t~ higherMaoh ~,.
nuniberstend to oause a relative dmrease In the pressyes over the
body from the nose to the tail,ta causethe negativepeak to move

—.. .

slight~ mm rearward,and, consequently,oausean apparentInorease
in drag. The adversepressuregradientnear the rem of the body

—

WOUM wnd b be reducedand possiblymve the pointof separationnearer
the tall. The effeoton the positionof thenegativepeak and on the

--

-pointof separation“shouldbe quitesmll, hqwever,sinoethe pressure y
~ent ~on8 ~ test ~ctlon is ~~ ~fi ~speOt to ~ose on ~ . ,,.. ..1
body.

It Is therqforebelievedthat~ distortionof the pressure
distributiondue ta the effeotsof Interferenceor pressuregradient ~.
was not of sufficientmgnitude to alterthe conoluslonsreaohedin .-.

the dlscussicm.
..- -—

CONCLUSIONS -.

Pressuredistributionsovera sharp-nosebo@ o? revolutionobtalmd
at transoniospeedsby the NAOA wing-flawm~od have indloatedthat: .-

1. The typs of pressure distribution that wore obtainedat both
subsonioand supersonicspeedswere thoseprqdictedby_thin-bo~ ~ory. “” ●. ...— ......

2. ~ C_ in the ~SSUX’S distributionfrm t@e subsonictype
to the supersonictypewas acmnplishbdrapiq but smoothlyin the

*

Maoh nhmberran@ frcm0.92 to 1.00.

3. Supersonic speeds were firstattaineduver the thicker sections
of the body at a Maoh nmiberof 0.92. The pesmre *g began to
increasenoticeablyat a Mach numberof 0.94.

—

4. The pressure drag coeffioientincrea~d rapidly from O to 0.23. ._
as theMaoh nundmrinoreasodfrom 0.94 to 1.00, and in&eased less

—

rapidlythereafter,reaohinga valueof 0.25 at a Mach,numberof 1.05. —..-

5. The p?essuredragwas not due to separationh.. prinolpelly
to the gruwthand rearwardshiftof the negative pressures as sonic - ~” “-

s~ed .vaeapproachedand exceeded.
,,.-

,*

LangleyMemorialAeronautlmlLaboratory
NationalAdvisoryCommitteefor Aeronautio6 h-

,,LangleyFleid,~ .

9EE=-=-” -

—
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Body A

<,

0?;fices

I“

: -~’: ‘0

Body B “ _

orifice Iocdons, bodq A Orifice Ioca+ions, bod4 B

x
I
.06

./7

.33
,50
,67 n SI la

u ,1 II

. 4

Y A48rd~an

.67 /0we7

.75 uppe7
.03 upper
.&7 Upym’
.9/ upper and 10 W7

Figure 3.- Sketch Of bodies dO wing

dimensions .and orifice /oca+ions..
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